Renewable energy sources are major components of the strategy to reduce harmful emissions and to replace depleting fossil energy resources. Data from remote sensing can provide information for multicriteria analysis for sources of renewable energy. Advanced land cover quantification makes it possible to search for suitable sites. Multicriteria analysis, together with other data, is used to determine the energy potential and socially acceptability of suggested locations. The described case study is focused on an area of surface coal mines in the northwestern region of the Czech Republic, where the impacts of surface mining and reclamation constitute a dominant force in land cover changes. High resolution satellite images represent the main input datasets for identification of suitable sites. Solar mapping, wind predictions, the location of weirs in watersheds, road maps and demographic information complement the data from remote sensing for multicriteria analysis, which is implemented in a geographic information system (GIS). The input spatial datasets for multicriteria analysis in GIS are reclassified to a common scale and processed with raster algebra tools to identify suitable sites for sources of renewable energy. The selection of suitable sites is limited by the CORINE land cover database to mining and agricultural areas. The case study is focused on long term land cover changes in the 1985-2015 period. Multicriteria analysis based on CORINE data shows moderate changes in mapping of suitable sites for utilization of selected sources of renewable energy in 1990, 2000, 2006 and 2012. The results represent map layers showing the energy potential on a scale of a few preference classes (1-7) , where the first class is linked to minimum preference and the last class to maximum preference. The attached histograms show the moderate variability of preference classes due to land cover changes caused by mining activities. The results also show a slight increase in the more preferred classes for utilization of sources of renewable energy due to an increase area of reclaimed sites. Using data from remote sensing, such as the multispectral images and the CORINE land cover datasets, can reduce the financial resources currently required for finding and assessing suitable areas.
INTRODUCTION
The concept of sustainability requires balanced conditions between energy, the economy, and environmental and social aspects. Future energy systems require an optimized solution among emissions, supply security and the market economy. Recent attention focused on global warming and fluctuations in energy prices caused by the great concentration of fossil resources in politically unstable regions have increased the interest in renewable energy and clean combustion technology. In order to achieve sustainability without compromising the potential for future generations, new analyses based on an energy-economic model and its application are needed on the scale of regional energy policies, renewable energy systems, and the regional environment.
ANALYSIS AND MODELLING
Spatio-temporal modelling and multicriteria analysis for regional energy planning and development have been used for a number of decades. Formerly, modelling tools were developed in response to the first oil embargo. Recently, global warming has become one of the most significant topics for decision makers. These models have been developed to predict the impact of increased CO2 concentrations on the climate and to present alternative economic strategies for minimizing emissions. The optimization of energy systems requires both economic and environmental considerations. The more complex energy-economic models are not only numerical tools for predicting the future, but also management tools for decisionmaking that include information about environmentally sound technologies. They deal with multi-disciplinary fields that encompass the economy and the environment. Technological innovations and efficiency improvements implemented in these models can provide better optimizations on the local and global scale (Nakata, 2004) .
Analysis and optimization techniques
Renewable energy sources are well recognized in the models as a component that can reduce the environmental impacts of energy consumption (Blaschke et al., 2013) . Renewable energy development can improve the local economy and increase public participation in local environmental management (Aslani and Wong, 2014) . The EU is significantly focused on this research because of the need to comply with regulations requiring increases in renewable energy sources as a percentage of the overall power supply. Renewable energy can be used for many applications, such as heating and generation of electricity with minimum greenhouse gas emissions (Tafarte et al., 2014) . In comparison with conventional fossil fuel-based powergenerating systems, the energy generating units associated with renewable energy sources are less reliable because of their intermittent nature. But integration of various renewable energy sources coupled with conventional fossil fuel-based sources can improve reliability in regular energy supply on a regional scale. Renewable energy sources by themselves are often extended to include an energy storage system that encompasses hybrid renewable energy sources, as their electricity generation capacity depends on location and time. In order to develop an efficient power grid, it is important for the regional authority to know the exact capacity of various renewable energy sources, because each renewable energy source has a different electricity generation capacity. Optimized deployment of renewable energy sources can reduce the operational and maintenance costs of the energy generating units. In general, cost minimization and power maximization under defined environmental and social restrictions are the two main objectives for development power supply grids. Many analyses and optimization techniques have been proposed for balancing these two objectives (Iqbal et al., 2014; Arnette and Zobel, 2012) . Various studies have been published about the methods and tools used to evaluate the availability of renewable energy (Angelis-Dimakis et al., 2011; Long et al., 2013; Muselli et al., 1999; Wang and Koch, 2010; Inman et al., 2013; Calvert et al., 2013) .
Remote sensing and GIS-based methods
The increasing attention paid to the role of small decentralized renewable energy developments can play an important role in the expansion of renewable energy sources and alter energyconsumption behavior through active community engagement. Remote sensing and GIS-based techniques are often used to develop a methodology for evaluation of the regional-scale potential for community-based renewable energy sources. This approach combines a range of technologies including hydropower, wind-power, solar photovoltaic and bioenergy. Spatial analysis of satellite and aerial images together with existing map layers encompass a mix of localized renewable energy developments (Gormally et al., 2012) . GIS can support multicriteria analysis and assessment for siting wind and solar farms (Janke, 2010) and biomass plants (Perpina, et al., 2013; Hohn et al., 2014; Zhang et al., 2011; Ahamed et al., 2011) . It can also support the evaluation of potential renewable energy from installed developments in relation to solar and wind potential (Erdinc and Uzunoglu, 2012) and biomass potential from energy crops on a regional scale (Fiorese and Guariso, 2010; Thomas et al., 2013; Hammer et al., 2003; Larsson and Nilsson, 2005; Nygaard et al., 2010) .
INPUT DATASETS
The described research was carried out to determine which land cover classes are affiliated with high solar, wind, hydro and biomass potential over a period of several decades. The remote sensing data and multicriteria GIS modelling techniques were used to identify sites that are suitable for solar farms, wind and biofuel production and small hydro energy plants. The input data layers were represented by satellite multispectral images captured by Landsat satellites in the 1985-2015 period.
The area of interest
The area of interest encompasses surface coal mines in the northwestern region of the Czech Republic, where the impacts of surface mining and reclamation constitute a dominant force in land cover changes. The area covers approximately 1875 km 2 , Figure 1 . Massive surface mining has been carried out regularly since the early 1970s. Environmental remediation has been performed at selected sites since the 1990s (Matejicek and Kopackova, 2010) . 
Available input datasets
The satellite images were used to evaluate the biomass potential using the Normalized Difference Vegetation Index ( Figure 4 and Figure 5 . The CORINE land cover nomenclature is used for selection of mineral extraction sites (1.3.1.), dump sites (1.3.2.) and all the agricultural classes (2.x.x.) that take priority over other land cover classes for utilization of renewable energy sources. Other important input spatial datasets are represented by estimation of the average wind speed above 10 meters over the surface and average solar energy per year, Figure 6 . This is complemented by the mapping of weirs (Matejicek, 2014) , which can be used for utilization of small hydro energy plants, and transport services, together with the population in regional cities that can be supplied by these sources of renewable energy, Figure 7 .
RESULTS
The employed multicriteria analysis is based on GIS spatial methods and functions. It contains a few steps that include creation of the GIS project with input datasets and output data structures, deriving input datasets into the required data formats, and reclassification of the potential energy supply from sources of renewable energy, weighting the spatial datasets according to percentage influence, and combining weighted spatial datasets to produce a map displaying suitable locations of renewable energy sources. While a map layer for each source of renewable energy shows the relative energy contribution, the application of multicriteria analysis can indicate the overall accessibility of renewable energy and suitability of using the sources of renewable energy at each site. The input spatial datasets for multicriteria analysis in GIS must be reclassified to a common scale and processed with raster algebra tools to identify suitable sites. After establishing a common scale for reclassified datasets, the map algebra is used to combine them to rate each subarea in the grid of the region. The average values of four input classified datasets represent the rates for cells in the grid. In this step, the values of the input grids can be weighted in order to change the equal percentage influence. In the next step, the number of suitable sites is reduced by land cover classes from CORINE to mining sites and agricultural areas. The output grid indicates suitable locations for utilization of sources of renewable energy on a scale of preferences.
The case study is also focused on long term land cover changes Other results represent map layers showing the energy availability on the scale of a number of preference classes 1-7, where the first class is linked to a minimum and the last class to a maximum for 1990 , 2000 . These classes are linked to output classes 3-10 of the multicriteria analysis (classes 1-2 are excluded due to the low availability of renewable energy). The attached histograms show moderate variability of preference classes due to the land cover changes caused by mining activities and mapping of the biomass potential by NDVI. The results in the histograms also indicate a slight increase in more preferable classes for utilization of renewable energy.
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-7/W3, 2015 36th International Symposium on Remote Sensing of Environment, 11-15 May 2015, Berlin, Germany The average population in Figure 10 for the studied 1985-2015 period indicates a potential demand for energy that can be supplied by utilization of renewable energy in the surrounding sites. Figure 10 . Mapping of the energy potential on the scale preference classes (1-7), where the first class is linked to minimum and the last class to maximum preference.
DISCUSSION
The southern part of the region has greater potential for solar development based on the yearly sum of global irradiation from a European solar radiation database. This part also contains the majority of agricultural flatland, which can be used for larger solar development. The density of settlements becomes applicable for this source of renewable energy. The middle part also contains a large area of surface mines with mine disposal and remediation sites.
Based on datasets for wind speed and the results of multicriteria analysis, highly preferable sites for small wind farms are located in the northwestern part of the region on the slopes of the Ore Mountains. The western part of the Ore Mountains includes the highest peak, Klinovec, with an altitude of 1,244 meters. While the mountains slope gently away in the northern part close to the German border, the southern slopes are steeper. The northern parts of the mountains with higher altitude are preferable for utilization of standalone wind turbines and small wind farms, but this area contains a minority of agricultural land cover classes and is sparsely populated.
The southern part of the Ore Mountains contains rather steep slopes with many small streams that form brooks and rivers in the valleys in the middle part of the region. Many weirs in this part can be utilized for small hydro energy plants. In addition, the density of settlements creates a demand for electricity consumption and road networks to manage the hydro power systems. The accessibility of these sources of renewable energy is finally selected as a main factor for multicriteria analysis, due to the high seasonal variability of surface water flows on the southern part of the Ore Mountains.
Evaluation of biomass resources and their bioenergy potential can be approximated by the NDVI using data from remote sensing (Miura et al, 2006; Liu et al., 2012; Hwang et al., 2011) . Based on CORINE land cover datasets, land cover classes in 1990, 2000, 2006 and 2012 were used for delineation of mineral extraction/dump sites and all agricultural classes, which were used as potential sources of renewable energy. Thus, other land cover classes, including forests with many small protected areas (nature reserves and natural monuments), were excluded from the multicriteria analysis. Images from Landsat satellites enable long term exploration ) of the energy potential, which is important in relation to the massive surface mining activities and reclamation of postmining areas. In spite of a weak link between NDVI and the biomass potential, long term monitoring by satellite images yields a wide range of information about landscape development and progress for utilization of renewable energy. It is less useful for highly variable biomass in agricultural sites, but can indicate the biomass potential of spontaneous vegetation in many areas following massive surface coal mining in the period of land remediation. Evaluation of biomass resources in the long term period by satellite images shows moderate variability, which is represented in Figure 10 by histograms of preference classes (Lasanta and Vicente-Serrano, 2012) .
The results of multicriteria analysis yield mapping of the energy potential on a scale of a few preference classes (1-7). In order to demonstrate the variability of the accessible sites for sources of renewable energy, land cover changes based on the CORINE land cover database are used for delimitation of suitable land cover classes. Multicriteria analysis requires well-defined input variables and weights that logically influence the results. Thus, many improvements will be needed to adapt selected methods in the future. In the presented case study, the same weights have been used for multicriteria analysis for a basic insight, (Yue, et al., 2006; Troldborg et al., 2014) .
At the present time, the most important source of energy is represented by fossil fuels, which are also distributed outside the region. In the future, the utilization of sources of renewable energy will be increasingly necessary. In addition, more complex multicriteria analysis will be required to meet the demands of investors, governmental agencies, and environmentalist. Classification derived from a minimum and maximum of the energy potential will have to be replaced by the real energy output for all the sources of renewable energy in order to estimate the total energy potential from these sources. The weights in the multiriteria analysis will also have to be accommodated to local social and economic needs. This approach must be based on local projects that can evaluate the financial input and profit together with environmental insight and other criteria (Dagdougui et al., 2011; Sarralde et al., 2015; Celik, et al., 2009; Grassi et al., 2012) .
None of the selected sources of renewable energy (solar photovoltaic, wind-power, hydro-power, and bioenergy) can
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-7/W3, 2015 36th International Symposium on Remote Sensing of Environment, 11-15 May 2015, Berlin, Germany fully meet the energy requirements of the local population in this region. The combination of several sources of renewable energy based on local efficiency will be able to replace only part of the energy sources based on fossil fuels. However, after the coal reserves have been exhausted, economic, social and environmental factors will have to be re-evaluated in order to stabilize the economy of the region (Fais, et al., 2014; Arnold, 2015; Menegaki, 2013; Pereira et al., 2014) 
CONCLUSION
The way in which energy is used will change in response to a number of fundamental challenges, such as access to efficient commercial energy sources, meeting the expanding and shifting energy market in an urbanized world, preventing pollution and minimizing avoidable risk by utilizing suitable technological solutions and reducing energy imports from politically unstable regions. In developing suitable energy-economic models for specific renewable energy purposes, it is important to employ a suitable tool to consider geographical regions, energy classification and economic parameters. In relation to the environment, environmentally friendly technologies can be more expensive than low-cost technology based on coal-or gasfired plants. They are also dependent on liberalization of the energy markets and reconciliation of environmental goals. Using data from remote sensing, such as multispectral images complemented by NDVI and the CORINE database, in the multicriteria analysis for long term periods can reduce financial resources currently allocated toward finding and assessing suitable areas.
